Objective: The objective of this article is to evaluate the relationship between off-hours hospital admission (weekends, public holidays or nighttime) and mortality for upper gastrointestinal hemorrhage (UGIH). Methods: Medline, Embase, Scopus, and the Chinese Biomedical Literature were searched through December 2016 to identify eligible records for inclusion in this meta-analysis. A random-effects model was applied. Results: Twenty cohort studies were included for analysis. Patients with UGIH who were admitted during off-hours had a significantly higher mortality and were less likely to receive endoscopy within 24 hours of admission. In comparison to variceal cases, patients with nonvariceal bleeding showed a higher mortality when admitted during off-hours. However, for studies conducted in hospitals that provided endoscopy outside normal hours, off-hours admission was not associated with an increased risk of mortality. Conclusion: Our study showed a higher mortality for patients with nonvariceal UGIH who were admitted during off-hours, while this effect might be offset in hospitals with a formal out-of-hours endoscopy on-call rotation.
Introduction
Upper gastrointestinal hemorrhage (UGIH) is a common medical emergency, with an annual incidence of 160 per 100,000 population in the United States of America (USA). 1 Previous studies indicated that patients with UGIH who were admitted to the hospital during off-hours (weekends and public holidays) had a higher mortality rate than those admitted during regular hours. [2] [3] [4] However, inconsistent results were also reported. [5] [6] [7] Our recent retrospective analysis showed that holiday admission was not associated with increased mortality in patients with peptic ulcer bleeding in Hong Kong. 8 This might be attributed to the close proximity of patients to hospitals for the timely management of UGIH.
Evaluating the ''off-hours effect'' on patient outcomes in GI bleeding remains controversial. We thus conducted a systematic review and meta-analysis with the primary aim of investigating the association between hospital admission time (off-hours vs regular hours) and mortality for patients with UGIH.
Methods
This meta-analysis was conducted according to the guidance from the Cochrane Handbook for Systematic Reviews of Interventions and was reported following the Meta-analysis of Observational Studies in Epidemiology recommendations.
Search strategy
Our search strategy is detailed in Supplementary Appendix 1. Medline, Embase, Scopus, and the Chinese Biomedical Literature were searched through December 2016 to identify literature describing the association between hospital admission time and clinical outcomes for patients with UGIH. The Cochrane Database of Systematic Reviews was consulted to determine if studies were missed. We also manually checked references listed in relevant studies to identify any article not identified in the original search. The possible unpublished trials were searched on ClinicalTrials.gov (up to July 2017), The International Standard Randomized Controlled Trial Number Register scheme, and The International Clinical Trials Registry Platform Search Portal. A librarian was consulted to supervise the search process and access to the database.
Study selection
This study included all literature that compared the outcomes of patients with UGIH who were admitted during off-hours against regular hours. Non-original articles and duplicate publications were excluded. Discrepancies on decisions were resolved by consensus.
Data extraction
For mortality, early endoscopy and endoscopic treatment, the need for surgery and angiographic embolization, and rebleeding rate, we extracted the occurred number or raw proportion in each cohort, and the odds ratio (OR) with 95% confidential interval (CI). We recorded the length of stay (LOS) by extracting mean with standard deviation. Authors were contacted for additional or missing information if necessary. One investigator extracted the information, and another one verified it. Any discrepancies were resolved by consensus.
Quality assessment
We used the Newcastle-Ottawa scale (NOS) to evaluate the quality of included studies. The maximum score for a cohort study is 9, and scores of 0 to 3, 4 to 6, and 7 to 9 were considered low, moderate, and high quality, respectively. 9 Two of us did the quality assessment independently, and discrepancies were resolved by discussion.
Outcome definition and subgroup analysis
The primary outcome was mortality. We used in-hospital mortality data as preferences, but if they were not available, we then extracted 30-day mortality. Early endoscopy and endoscopic treatment, the need for surgery and angiographic embolization, rebleeding rate, and LOS were analyzed as the secondary endpoints. Pre-designed subgroup analyses were conducted to discuss the relationship between etiology of hemorrhage, region, and the availability of endoscopy during offhours and clinical outcomes.
Statistical analysis
For mortality, early endoscopy and endoscopic treatment, the need for surgery and angiographic embolization, and rebleeding rate, we retrieved the adjusted OR and the corresponding 95% CI for analysis. If the adjusted estimates were not available, we used unadjusted ones. For LOS, we imputed the weighted mean difference (WMD) and 95% CI from mean and standard deviation. The random-effects model was applied in this meta-analysis. Heterogeneity was assessed by I 2 statistic and Q test. To explore possible publication bias, we examined the asymmetry of funnel plots using the Egger regression test. The trim and fill approach was also used to adjust the estimated effect size for the potential publication bias. We performed sensitivity analysis to test the robustness of the results. We used STATA 12.0 for statistical analysis, and a p value lower than 0.05 indicated significance.
Results

Description of the eligible studies
The results of our literature search are illustrated by the flowchart in Figure 1 . Twenty studies with a total of 793,158 cases of UGIH met the inclusion criteria, and were finally included for meta-analysis. Table 1 summarizes the details of recruited studies. The year of publication ranged from 1993 to 2016. Five studies were carried out in Asia (Hong Kong, South Korea, Taiwan, and Saudi Arabia), 8, [10] [11] [12] [13] six in North America (USA), 4, 6, [14] [15] [16] [17] and nine in Europe (Italy, the Netherlands, Serbia, and the United Kingdom). 2, 3, 5, 7, [18] [19] [20] [21] [22] Six studies reported patients with UGIH caused by peptic ulcer, 8, 10, 12, 19, 20, 22 one study included patients with bleeding gastroduodenal angiodysplasia, 17 three demonstrated the sources of bleeding were from the esophagus varix, 11, 13, 15 and 10 studies included patients with both variceal and nonvariceal UGIH. 2, 3, [5] [6] [7] 14, 16, 18, 21, 22 Most recruited studies defined the ''off-hours'' as weekends only, [4] [5] [6] [7] 11, [13] [14] [15] [16] [17] 21 while four studies defined it as weekends and public holidays; 3, 8, 12, 18 one study defined it as weekends and nighttime, 20 and one study defined it as nighttime only. 19 Three studies reported results by comparison to weekend admissions as well as nighttime admissions. 2, 10, 22 In order to avoid repeated calculation, we combined only weekend admissions for the current analysis. All studies were designed as cohorts; 17 were retrospective [3] [4] [5] [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] 21, 22 and three were prospective. 2, 19, 20 We contacted the authors of one of the included studies and obtained additional information for our analysis. 21 Seven studies analyzed the same administrative database (the United States National Inpatient Sample (NIS)); 4, 6, [15] [16] [17] 23, 24 we finally included five with the most recent year of publication to avoid overlapping sets of patients. 4, 6, [15] [16] [17] NOS assessment indicated that seven cohorts had moderate quality and 13 cohorts had high quality (Supplementary Table 1 ).
Primary outcome: Mortality
Twenty studies reported mortality. Of these, 10 studies reported in-hospital mortality, [4] [5] [6] 10, 11, 13, [15] [16] [17] [18] nine reported 30-day mortality, 2, 3, 7, 8, 12, [19] [20] [21] [22] and one reported both. 14 The result of meta-analysis showed that patients who were admitted during off-hours had (Table 2 ). In comparison to variceal patients, patients with nonvariceal bleeding had significantly higher overall and in-hospital mortality when admitted during off-hours (for overall mortality, OR 1.12, 95% CI 1.02-1.23, p ¼ 0.015; for in-hospital mortality OR 1.14, 95% CI 1.02-1.28, p ¼ 0.025). Studies in North America also indicated a larger increase in mortality during off-hours (OR 1.10, 95% CI 1.02-1.19, p ¼ 0.019). But for studies that were conducted in hospitals with an on-call endoscopic service, no significant interaction between off-hours admission and increase in mortality was observed (overall 12615 UGIH patients; OR 1.01, 95% CI 0.84-1.22, p ¼ 0.904). In addition, when analysis was restricted to the studies reporting adjusted mortality outcome, the increase in mortality for off-hours admission remained significant (adjusted OR 1.09, 95% CI 1.011.17, p ¼ 0.018 vs unadjusted OR 1.13, 95% CI 1.011.27, p ¼ 0.038).
Secondary outcomes 1 . Early endoscopy and endoscopic treatment. Four studies reported the proportion of endoscopy performed within 24 hours of admission. 6, 7, 13, 17 Patients with UGIH were less likely to receive early endoscopy when admitted during off-hours ( Figure 3(a) ; OR 0.60, 95% CI 0.54-0.68; p < 0.001). Subgroup analysis indicated that both nonvariceal and variceal bleeding patients had less timely endoscopy during off-hours admissions (Table 3 (a); for nonvariceal bleeding, OR 0.66, 95% CI 0.63-0.68, p < 0.001; for variceal bleeding, OR 0.65, 95% CI 0.44-0.96, p ¼ 0.029). In addition, studies in the USA and Europe indicated that patients with UGIH had a significantly delayed endoscopy during off-hours (Table 3( Five studies reported the endoscopic treatment for patients with UGIH. 6, 7, 10, 11, 20 However, the pooled results showed that the day of admission was not a predictor of endoscopic therapy ( Figure 3(b) ; OR 0.97, 95% CI 0.92-1.02, p ¼ 0.232). Subgroup analyses were also not statistically significant (Table 3 (b)).
2. Need for surgery and angiographic embolization. Twelve studies reported surgery rate for patients with UGIH. 2, 4, 5, 7, 8, 10, [12] [13] [14] 17, 19, 20 Off-hours admission significantly increased the risk of surgical intervention ( Figure 3(c) ; OR 1.09, 95% CI 1.02-1.17, p ¼ 0.018). Subgroup analysis for studies in the USA also demonstrated that off-hours admission was associated with more surgical requirements ( Four studies reported the need for angiographic embolization for patients with UGIH; 2, 6, 7, 10 however, the pooled effect did not show a significant correlation with off-hours admission ( Figure 3(d) ; OR 1.12, 95% CI 0.89-1.42, p ¼ 0.34).
3. Rebleeding rate. Nine studies reported the rate of rebleeding. 2, 5, 7, [10] [11] [12] [13] 19, 20 However, it demonstrated that off-hours admission was not associated with a high risk of rebleeding for patients with UGIH ( Figure 3(e) ; OR 1.06, 95% CI 0.83-1.35, p ¼ 0.66).
LOS. Twelve studies reported LOS.
2,5-7,10-14,16,17,21
We did not find significant difference in LOS between off-hours and regular hours admissions ( Figure 3(f) ; WMD 0.06 day, 95% CI -0.30 to -0.42, p ¼ 0.747). However, subgroup analysis indicated that patients with variceal bleeding had a longer LOS if admitted during off-hours (Table 3(f); WMD 0.36 day, 95% CI 0.21-0.51, p < 0.001). Studies in the USA and Europe also reported that off-hours admission was associated with an extension of hospital stay ( 
Sensitivity analysis and test for publication bias
Sensitivity analysis was conducted by removing each single cohort, as well as by restricting the admission time over weekends only, since most of the included patients were in cohorts where only weekends were considered for the off-hours period. It showed that the pooled result did not significantly alter except for the need for surgery. In addition, when including highquality studies for analysis, only the result of LOS changed while the others remained robust.
Funnel plots were created to assess possible publication bias (Figure 4 ). Visual inspection of funnel plot for overall mortality appeared symmetric and the Egger test was not statistically significant. The trim and fill approach also demonstrated that the imputed estimate for overall mortality was the same as the primary analysis.
Discussion
The ''weekend effect'' has been reported for other medical emergencies such as acute myocardial infarction 25 and pulmonary embolism. 26 In the current systematic review and meta-analysis, we demonstrated that patients with UGIH who were admitted to the hospital during off-hours had a significantly higher overall mortality and a less timely endoscopy within 24 hours of admission. Compared to variceal patients, patients with nonvariceal bleeding appeared to be associated with significantly higher overall and in-hospital mortality during off-hours admissions. However, for hospitals that provided a formal endoscopic service outside normal working time, the odds of mortality for offhours admission decreased. Results were robust to sensitivity analysis.
The current meta-analysis indicated that the odds of overall mortality would increase by 11% if patients with UGIH were admitted during off-hours. However, subgroup analysis revealed that the increase in mortality was observed only in North America while no effect was shown in Asia and Europe. One possible explanation for the difference in study results is that most studies in North America had a large sample size and were nationally representative by using the NIS database. 4, 6, [15] [16] [17] The NIS database is the largest all-payer inpatient database in the USA. It represents a 20% stratified probability sample of all nonfederal acute care hospitals nationwide. Another possible explanation is the different definitions of outcome among studies. Mortality was in-hospital in all studies in North America, whereas 30-day mortality was reported in some studies in Asia 8, 12 and Europe. 2, 3, 7, [19] [20] [21] [22] Thirty-day mortality includes all-cause deaths occurring only within 30 days of hospitalization and after being discharged from the hospital. For in-hospital mortality, all mortality will be counted, so long as the patient stays in the hospital. Hence, it is much broader in coverage than 30-day mortality. In fact, the current meta-analysis found that the off-hours admission was only associated with a higher in-hospital mortality rather than 30-day mortality. A third possible explanation is the different variables that were used for adjustment in each study.
The impact of early endoscopy on mortality for patients with UGIH remains uncertain. Lin et al. reported that early endoscopy within 12 hours of admission did not show outcome benefit for patients with active peptic ulcer bleeding. 27 On the other hand, another study from Singapore demonstrated that endoscopy within 13 hours reduced mortality by 44% in patients with high-risk nonvariceal bleeding. 28 Youn et al. 10 also found that if endoscopy was performed within 24 hours of admission, the mortality due to peptic ulcer bleeding would be reduced to 1.8% as compared to 6%7% in previous reports. However, the sample size of these studies was relatively small; fewer than 1000 patients were included for analysis. There seems to be a strong correlation between timely endoscopic management and staff coverage in the hospital, especially the availability of on-call gastroenterologists or endoscopists during off-hours. In the current systematic review and meta-analysis, we conducted a subgroup analysis based on the availability of out-of-hours endoscopic service. Ten cohort studies were included; a total of 12,615 patients with UGIH were admitted to hospitals that provided a formal endoscopic service during off-hours. Results showed that the odds of overall mortality decreased by 10% for off-hours admission (1.01 vs 1.11 in the OR). This evidence suggests that endoscopy available around the clock during out-of-hours and during normal working hours is important for the quality of care for patients with UGIH; better randomized trials should be conducted to confirm it in future. Some studies reported that patients admitted with UGIH on weekends tended to be sicker than those admitted on weekdays, 2, 7, 21, 23 whereas others suggested that the severity of illness was comparable irrespective of the time of admission. 8, 10, 12, 17, 19 In the current metaanalysis, we assessed the proportion of patients who presented to the hospital with an active bleeding ulcer (Forrest Ia, Ib) during off-hours and regular hours; however, no significant difference appeared (median proportion: off-hours 31.37% vs regular hours 36.5%, p ¼ 0.425). Subgroup analysis further suggested that in studies in which the mortality outcome was adjusted for baseline patient characteristics (e.g. presence with shock, melena or hematemesis, comorbidity (Charlson's) or Rockall score, or high-risk stigmata (active bleeding, visible vessels, clots)), the increase in mortality for off-hours admission remained significant. This finding was similar to what Ahmed et al. reported in 2015, which showed that although patients with UGIH appeared to have a higher Charlson's score at admission on weekends, 30-day mortality remained significantly higher after correction for the comorbidity. 21 While other confounding factors derived from the difference in case mix cannot be excluded, these results may indicate that the increase in mortality during offhours may be related to factors that arise after hospital admission. 25 In the current study, subgroup analysis demonstrated that patients with nonvariceal bleeding had a significantly higher mortality when admitted during off-hours, while this effect did not exist for variceal bleeding, which is generally believed to be more lethal. The exact reason for this difference is unknown, but one study showed that the early start of standardized pre-endoscopic management such as correction of coagulopathy and intravenous vasopressor therapy, as well as emphatic sense of urgent endoscopic hemostasis, would lower the risk for patients with substantial variceal hemorrhage. 15 It is a common belief that the increase in mortality would result in the extension of hospital stay; however, the current meta-analysis did not find an overall significant difference for LOS between patients admitted during off-hours and regular hours. This conflicting result may be due to heterogeneity; statistics confirmed that the region of studies served as the potential source of heterogeneity in the analysis of LOS (p < 0.001). In fact, subgroup analysis by restricting to the studies in North America and Europe showed that the increase in mortality for off-hours admission translated to longer LOS for patients with UGIH.
Our systematic review and meta-analysis has several limitations. Firstly, all data recruited in the current review were from retrospective or prospective observational studies. The results may be confounded by variations in patients' clinical characteristics, as well as management strategies on UGIH among different hospitals and countries worldwide. Secondly, there was a significant heterogeneity among the recruited studies. We found that the source of bleeding, region of studies and the outcome adjustment could be potential explanations. Other unexplained heterogeneity may be attributed to the different definitions of the ''off-hours period,'' mixes of patients, or the expertise of staff among institutions. Thirdly, the combined result of overall mortality for off-hours admission may be influenced by two dominating studies (Ahmed et al. 21 and Shaheen et al. 4 ). We performed sensitivity analysis by sequential exclusion of both studies, and found that the pooled result was not significantly influenced by individual research. So this concern is reduced.
In conclusion, the current systematic review and meta-analysis showed that patients with nonvariceal UGIH who were admitted during off-hours had significantly higher mortality and less timely endoscopy. However, this effect might be offset in hospitals with a formal out-of-hours endoscopic service. Our results implied that strategies should focus on improving clinical care for GI bleeding during out-of-hours visits. Further studies should be conducted to confirm the impact of early endoscopy on the prognosis for patients with UGIH.
